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[. lntroduction

During this quarter bath colon tracing and microstimulation experiments continued.
These studies used tracers 1o determinge the location and distribution of neurons and interngurons
in the lumbosacral spinal cord which provide input w the colon smooth muscle and the stristed
muscle of the external anal sphincter (FAS), These neurons are then eleetrically stimulated using
fine tipped microclectredes to determine the location of sites which modulate calon and EAS
activity. During this quarier in addition to examining the intraluminal pressure changes in the
distai and proximal colon, recordings were also made of the pressure changes gencrated at the
level of the anal sphincter. A variety of sites in the sacral spinal cord can modulate colon and
sphincter contraction. The S, and S, scgments provide the major excitatory inpul to the colon
smooth muscle while 8, and S, provide the excitatory input to the sinated muscle of the external
anal sphincter, An interesting result of our most recent experiment, in which the colon and
sphincter activity were recorded simultancously. indicates that microstimulation of the specilic
sile in the sacral cord can produce excilation of the EAS while other sites produce inhibition.
These studics are described in detail below as well as some thought as to possible mechanisms
for these varous responses.
1. Modulation of Colon Intraluminal and Sphincter Pressure by Saeral Spinal Cord
Microstimulation

I'he goat of these studies is o determine sites in the spinal cerd which modulate colon
and sphincter activity when actvated by electrical pulses delivered via fine tipped
microelectrodes.

The methods used have been deseribed in detail in previous progress reports and are m



part diagrammatically outlined in Figure 1. Dunng this guarter several modifications and
additions have been made to our methodology. As depicted in L'igure 1 a third saline filled
halloan has been added to (he experimental design in order 1o record changes in sphincter
pressure, The ballvon is inserted 1o the anal canal via an external approach as shown in Figure 1.
Abont 73% ot the length of the balloon is within the anal canal while the remainimg 23% 1s left
external., This allows recording pressure changes penerated by the striated muscles of external
anat sphincter (EAS) to be recorded. 11 should be pointed out that the pressures recorded by this
balloon may not be exclusively from the striated muscles of EAS sinee this muscle Is in closc
proximity to. and interspersed with the smooth muscle of the intemal anal sphincter (IAS} and
the lower segment of the anal canal. Therefore the resultant pressure 1s an algebraic sum of both
smuath and striated muscle acting on the halloon. Throughout this progress report we will
therefore use the general term "sphincter pressure 'rather than more specific terms such as
external or internal anal sphincter pressure. 1t is obvious. in many insiances. when examining
pressure recordings for this most distal positioned balloon. that the rapid increasc in pressure
whoen 4 stimulus is applied to the spinal cord or ventral roots and the rapid relaxation that oceurs
when (he stimulus is terminated is characteristic of suiated muscle rather than smooth muscle
contractions. Smooth muscle contractions are usually somewhat slow in enset and require a
lunger time for complete relaxation,

The issuc of the tvpe of anestiiesia and the inhibition of Gl maility during surgical
maniculation 1s examined 0 cach experiment. The amount of stretching, manipulation and
surgery on the colon is hewever kept to @ minimum. The sympathetic input to the colon (5

reduced by sectioning the svmpathetic nerves (hypogastoic and lumbar colonic) to the colon.



This was found necessary in order to produce an adequately excitalory contraction {rom ventra
rout or spinai cord stimulation, Likewise the type and level of ancsthetic or anesthetic
cambinations can change the excitabitivy of G.L smooth muscle. [nnost of our cxperiments we
aave uscd pentobarbital although ~-chlarolose has been psed in some of our earlier experiments.

The goat of blocking sympathetic iphibition and choosing the correct anesthetic 15 10
allow the colon to respond to excitatory input while huving mimmal spontaneous aclivity that
would interfere with measuring excitalory responses.

Prior W stimulating the spinal cord with microclectrodes, cach sacral ventral root 5
stimulated using a hook electrode &t various intensities of stimulation to determine the spinal
cord segments which produce the largest amplitude colon or sphincter contractions. This
segment will then be used for probing with stimulating microglectrodes, In recent experiments,
we have identified. isolated. snd stimulated the ripht §,. S, and S, ventral roots. The left ventral
roots were Lelt untouched so as to prevent even the slightest damage that may oceur from
isolation and stimulation of the roots. The left side of the cord was then used for spinal cord
ctimulation. The venual root outflow should. theretore. be in the best possible condition for
spinal cord mapping. To identify the S, segment precisely on the left side, the 8. dorsat reot 18
located and followed back to the dorsal oot entry zone (DREZ), the site where the alierent fibers
altuch to the spinal cord. Iigure 2 shows data from a single amimal in which the sacral [5-. 8.,
and S-1 ventral roots were stimulated at increasing intensitics. Although some vaniabilily ex:sts,
Fipure 2 represents a rather typical unimal experiment where the ventral roots of cach sucral
sepment S S and S, were sumulated. whike recording pressore changes (rom three balloons

placed m the distal colon. proximal colon. and sphincters. Since the proximal colon had ittle or



ne response. only sphincter () and distal eolon (d) responses are shown in the tyare.
Stimulation of the $, ventral root produces the largest sphincter responses with very litthe of no
colan responses. The 8. scpment, however., produces the largest distal colon response with a
sipni fleant sphineter response. The sphineter response 13, however, smaller than that seen in the
S, segment. The §; segment produces a somewhat smail distal colon response and no sphincter
response. Fhese results are fuirly typical for most animals. although 3. will frecueniiy produce a
response in distal colon nearly as large as S, ventral rool stimulation.

Once it has been eslablished which seument produces the largest excitability outflow to
the colon. using ventral root stimulation. that scgment of the spinal cord. usually 5;. 15 examined
using fine tipped (400um’ exposed surlace) activated indium electrodes. Iigure 3 shows a
tvpical Tesponse of colon and sphincter W microstimulation of the 8, scgment near or within the
sacral parasympathetic nucleus (SPNY. Lhe proximal colon. which receives a small input from
the sacral spinal cord, usually has a small response. The distal colon typically produces a large
(»20em H.O) response while the sphincter response is quite variable from S, stimulation,
producing both excitation and inhibition. The colon and sphincter responses produced by spinal
cord microstimulation are quite dependent on stimulus parameters, especially changes in
frequency and intensity of stimulation. Figures 4 and 5 show the effects of frequency changes on
borh colon and sphincter activity. The best frequency for maximizing the colon pressure
responses 15 between 10 and 20 Heo This is a thirly consistent finding with both spinal cord and
ventral rood stimulation. The sphincter response tn Frgures # and 3 also show marked difterences
i responses with frequency changes. The sphineter respanse is masymu at 3 or 10 Hz and
decreases with increasing [requency of cord stimulstion and producing a large relaxation at the
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colon autler. A major component of the sphincter activity shown in Figure 4 and plotted
graphic form in Figure 5 is prohably smooth musele activity intermixed with a small amount of
striated musele. The rapid pressure change with stimulus onset is probably striated muscic while
the component with the slow anset is probably smooth muscle. The smaoth muscle compenent
can he determined best by the slow decline in pressure following termination of the stimelus,
The inhibiton of sphincter contractions can be interpreted several ways. One 15 simple muscle
fatigue that is scen with increasing frequency of stimulation. A second interpretation could be
thiit the higher frequencies of stimulation activate local inhibitory neurons which produce an
active decrease in sphineter activity. A third possibility is that the increase in colon pressure
iriggers an inhibitory reflex which decreases sphincter activity. Mapping cxperiments in which
the spinal cord was stimulated at various depths from the cord surface produce difterent patlern
responses depending on the depth and mediolateral position of the stimulating clectrode (Figures
b - 103 Figures & - 10 graph eolon and sphineter data from five microclectrode tracts in the 3.
spinal cord. Tract #1 (Fipure 6} is at the dorsal root entry zone (DRLEZ) with Traets &2 & #3300
and 600 ,.: medial to Tract #1 respectively. Tracts #4 & #3 are 300 and 600 i« lateral (o Tract #1.
Duta fror: these series of tracts (Flgures 6 - 1) tllustrae a number of important points:

i. Enhanced colon pressure can best be seen at a depth of 1.0 - 1.6 mm ifrom the
spinal cord surface and extends 300 to 600  medial and lateral from the DREZ.
This corresponds to sites near or in the cetl bodies and axons of the sacral
purasympathetic nucieus. This is best illustrated 1 the figures (6-10) where peak
pressure response (middle panel each figure) is plotted as a function of depth from
the spinal cord surfuce. Area under the pressure curve vs depth (top panet cach

fgtine (6-107) is also a good indication of colon or sphincter actvity.

2. Spaincter activity 1s strongly inhibued at sites where large colon pressuores are



penecated (Figure 6. 7. & 8). This is sumlar to what occurs 1n a nonual defecation
reflex (i.¢.. the colon contracts and the sphincter which controls the owtlet of the

colon relaxes)

3. Sphineter activity and at times colon is high near the dorsal surlsce of the
spinal cord and also often deep near the ventral surfce of the cord. The acnivity
rear the dorsal surface probably results from stimulation of aflerent patnways in
(he dorsal horn and dorsal columns generating reflex activity at several levels of
the spinal cord, The activity generated deep in the ventral hom near the ventral
surface. may in part be current spread along the adiacent ventral roots sinee
sphincter and colon activity are ofien accompanied by somalic motor achivity of

the hindlimb,

4. The sites which produce large colon contractions and sphincter inhibition
correspond to sites labeled by pseudorabies virus injected inte the wall of the
colon.

5. The relaxation of sphincter does not seem ta be simple fatigue since
stimulation of superficial sites near the cord surlace produce sphincter
contractions with no signilicant fatigue. while sites deeper in the spinal cord
produce relaxation. Whether these deeper sites produce direct inhibition ol
sphincter ot is mercly a reflex generated by a large colon contraction will be

determined 1 future studies,

Many of these studies will continue into the next quarter.
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Figure 1t

Figure 2:

Figure 3;

Figure 4:

Schematic diagram showing micthods tor recording changes in anal sphincter and
intraluminat colon pressure. Two saline filled balloons are inserted in the colon via
a small incision near the junction of the ileum with the proximal colon while 4 third
balloan is positioned via an external approach in the anal canal with a portion ol the
malloon remaining exteenal,  This third balloon. added o our most recent
experiments. records pressure produced by the striated muscle of the external anal
sphincter {£AS) while the other two balloons within the colon record intraluminal
pressure changes in the proximal and distal colon. The balloon catheters are each
connected to a transducer, and the signals produced are amplified and recorded on
paper (chart recorder) and on tape. The signals are also dipitized and stored on the
corputer disk drive. The computer provides varicus displays during the experiment,
and is also used tor analvsis following conipletion of the experiment.

Giraphs of distal colon (d) and sphincter (s) pressure changes o sumulation of the §,
itop). %, (middle). and S; (bottom} ventral roots (VRT) at increasing intensities of
stimulation. Responses include peak pressure (Peak) area under the pressure curve
i Area). and duration of pressure change {Duration} for both distal colan (d} and
sphincter (s). Stimulus parameters using a hook electrode on ventral roots are: 15
iz, 0.05 msec pulse duration. 0.1 to 20 volts 30 seconds on and 120 seconds off,
Notice that $§1 ventral root stimulation produces primarily a large sphincter response
and only a small distal colon response, while 82 ventral root produces a large colon
response and significant sphincter response.

Computer plots generated from digitized data shawing change in colonand sphineler
pressure to microstimulation of the 82 spinal cord. Pressure is recorded from three
ballaons from the proximal (top) and distal {(nuddie) colon and {rom the reglon of the
external anal sphincter (bottem) {as shown in Fipure 1), The up of the
microelectrode is 1.2 mm from the spinal cord surface at the dorsal root enry zone
(DREZ]. WNatice the response in distal colon is guite large while that of proximal
colon is small. The sphineter response is likely a response of the smooth muscle of
the internal anal sphincter ([AS) and the striated muscle of the external anal sphincter
(EAS). Stumulus parameters are shown in figure.

Computer ploss penerated from digitized data showing changes in colon and
sphincter pressure to microstimulation of the $2 spinal cord at various frequencies
of stimulation from 5w 40 iz Plots are similar w Figure 2. The elecrede tup s at
the level of the 82 spinal cord near the sacral parasympathetic nucleus (5PN L2
mn from the cord surface, Pressure changes are recorded from three levels of the
co.an as shown in Figure 1. Notice that the peak response for distal colon s at 15 to
20 Hz. while sphineter activity 15 maximum in this particular experiment at 14 Hz
and is inhibited or fatigues quickly at the higher frequencies of 20 te 40 Hz, Some
proximal colon activily appears al 40 11z although this is quite variable. Stimulus
paramcters are shown in figure,



Figure 6:

Figure 7;
Figure &
Figure 9:

Figure 10:

Gruphs of pressure changes at three sites o the lurge intestine (sphineter, distal colon,
and presimal colon} w tocal microstimulation ot the 52 spinal cord at increasing
frequencies of siimulation. The three graphs nlot: area under the pressure curves {top
pancli. peak pressures (middle panely and duration of pressure changes {botlom
pane] ) as a functien of frequency from 5 to 40 Hz, T'he electrode tip 1s 1.2 mm from
the spinal cord surtace. near the sacrl parasympathelic nucicus. SLMUius parameters
are: 0.2 msee pulse duration, 100 AL S - 40 Ez. 30 seconds stimulation on and 120
seconds off. Notice litlle or no response of proximal colon at all freguencies but a
laroe response of distal colon especially at 10 to 20 Hz. 'Lhe sphincter seems o
respond best te low frequency but it should be remembered thal the sphincters are
often inhibited by large distal colon contractions {detecation reflex). Theretore a
variety of interactions may be oceurring here {see texth

(iraphs showing changes in intraluminal pressure from three sites along the large
intestines (distal colon, proximal colon, sphincter) to focal microstimulation of the
$2 spina) cord at different depths. Thres types of graphs are shown for cach tract.
Arca under the pressure curve {top panel), peak pressure (middle panel). durauon of
pressure chunge (bottom pancl). Figures 6 - 10 arc from five different tracts in the
same rostrocaudal plane from the same animal. Tract #1 1s at the darsal reot entry
sone. Tract £2 [Figure 7)is 300 w medial to Tract #1 and Tract #3 (Figure 8} 1s 300
2o medial o Tract #2. Tract #5 (Figure 9] is 300 & lateral 1o Tract =1, Tract #6
(Figure 10 is 300 ;2 lateral to Tract 5. Stimulus parameters are 8.2 msec duration,
15 e, 100 «A. Notice that the proximal colon has a small amplitude response
compared to distal colon. Large responses are ofien seen at very superficiul sites (0 8
mm or less) and very deep sites (2.3 mm or greater). The hest responses for colon
are usually seenat 1.2 - 1.8 mm from surface.

Sanie as Figure 6 except Tract #2 15 300 & medial to Tract #1.
Sume as Figure 6 except Tract #3 is 600 .2 medial to ract 1.

Sane as Figure 6 except Tract #4 s 300 . lateral 1o Tract 1.

Same as l'igure 6 except Tract #3 is 000 . lateral to Tract #1.
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Stimulaion: 100 pA intensity, 0.2 ms pulse width and 15 Hz trequency.

Data from MS271, Nn 147, Tract#3 at depth of 1.2 mm.
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